Introduction
Many reports have been published in the literature on odors being used to alter mood, alertness, and sexual arousal. [1] [2] [3] Perfumes, room odorizers and incense have been used for selfadornment and to modify our living environment from ancient times. The practice of the treatment known as "aroma therapy", which was initiated in France in the early 20th century, has developed rapidly and extensively up to the present.
In spite of these naturalistic uses of odors and anecdotal accounts of their effects, the close association between the limbic and olfactory system should be an obstruction in an attempt to achieve a complete understanding of olfaction and olfactory response to a given aroma in humans, because the perception of and response to fragrance are intimately concerned not only with emotional expression, but also with the genesis of emotions. This may be attributable in part to a lack of adequate experimental support in classifying odors. Actually, although a number of attempts have been made to classify odoriferous molecules into different types, they have not been very successful. 4 In this regard, however, we recently proposed a categorized table for aroma samples serving as reference to each other based on the sensory profiling of 16 essential oils: lavender, rosemary, linalool, peppermint, marjoram, cardamom, sandalwood, basil, lime, ylang ylang, orange, geranium, cypress, bergamot, spearmint and juniper. 5 By means of our sensory profiling and its statistical consideration, the perceived fragrances of essential oils were described and scored by 13 contrasting pairs of adjectives when the Kraepelin mental performance test (mental work), stepping up and down (physical work) and hearing environmental (natural) sound, were employed as work assigned to subjects. Also, the statistical significance of the change in the scores between before and after work for 13 impression descriptors was examined by the Student's t-test. From the 48 cases examined in our study, 18 cases were selected because each "total significance score" was 3, in which the null hypothesis could not be rejected, with each depending on the type of work employed. Here, the "total significance score" corresponds to the number of impression items regarded to be significant by the t-test (p < 0.05) among the 13 descriptors.
Among the 18 samples, a number of reversible couples were conspicuous, each pair being endowed with an opposite sensory feature based on the "sensory evaluation spectrum". 5 This is a bar graph in which the mean of perception difference recorded before and after each type of work for the descriptors was The effects on humans inhaling the fragrance of essential oils were examined in terms of a sensory test, a multi-channel skin thermometer study and a portable forehead surface electroencephalographic (IBVA-EEG) measurement. The essential oils examined in this study were those of basil and peppermint, because our previous sensory test had indicated an opposite effect of these essential oils when mental work was undertaken; the inhalation of basil produced a more favorable impression after work than before work, whereas peppermint produced an unfavorable impression under these circumstances. For subjects administered basil or peppermint before and after mental work using an inhalator, a series of multi-channel skin thermometer studies and IBVA-EEG measurements were conducted. Using such paired odorants, our results showed that when compared between before and after mental work assigned to subjects: (1) the inhalation of basil, in which a favorable impression was predominant on the whole in terms of the sensory evaluation spectrum, was shown to be associated upward tendency in finger-tip skin temperature; (2) whereas these situations were opposite in the case of peppermint, in which the reversed (unfavorable) feature in sensory profiling was accompanied by a decrease in the magnitude of beta waves and a decrease in the finger-tip skin temperature both based on Welch's method, even at p < 0.01, implying a decreasing propensity of the aroused state and of the arousal response. The elucidation of such sensory and physiological endpoints of paired odorants would be of primary importance for human chemoreception science, because these are only rarely recorded during the same experiments, and this paradigm is highly informative about non-verbal responses to odorants. plotted against each descriptor. As a function of type of work assigned to the subjects, for example, the sensory evaluation spectrum of basil was found to be opposite to that of peppermint when mental work was undertaken. The items in the case of basil, which were regarded as being significant by the t-test, had a positive value, and are shown above the horizontal axis, implying a favorable correlation between the inhalation of basil and mental work. On the other hand, the items in the case of peppermint had a negative value, and are shown below the axis, implying an unfavorable correlation between the fragrance and the work assigned to the subject. As in the case of basil vs. peppermint with mental work, the sensory spectrum of juniper was also reverse to that of peppermint, lime, linalool, geranium and orange with mental work. As for hearing environmental sounds, these were those of juniper, sandalwood, ylang ylang, linalool, peppermint and spearmint each vs. cardamom. Cypress vs. orange was an example for physical work.
Linalool is also of great interest so that its sensory property after hearing environmental sounds was just the reverse for linalool inhalation after mental work. From such a viewpoint, peppermint is the same as linalool as a function of hearing environmental sounds vs. mental work. These imply that the inhalation of linalool or peppermint might cause a different subjective perception of fragrance depending on the type of work assigned to the subjects. In this regard, Lorig and Schwartz 6 pointed out some important aspects concerning the salience of odors as neurophysiological stimuli, which cause a different perception and lead in turn to a diverse odor reaction, depending on the internal and extraneous condition of the subject. Because of this salience, together with the ability to modify the limbic-system activity, they demonstrated that odor may have an application in altering the perception, mood state and odor reaction in humans. A question might be raised as to whether or not the use of these paired odorants serves to any significant extent in examining the relationship between mood change of odor and its physiological effects.
To accomplish this objective in the present study, we adopted the opposite sensory feature of basil and peppermint with mental work among the conspicuous couple. For subjects administered basil or peppermint before and after mental work using an inhalator, a series of multi-channel skin thermometer studies and forehead surface potential wave measurements were conducted while taking into consideration mental work as an extraneous condition administered to subjects. These attempts should enable us to assess what kind of influence can be induced by smelling a fragrant compound of essential oils for their mood change and their physiological effect on humans. These might also not only provide a clue to shed light on the salience of odors as neurophysiological stimuli, but also would enable us to show how useful our odor classification can be to study olfaction.
Experimental

Inhalation experiments
The essential oils of basil and peppermint were purchased from Fleur (London, UK). Male and female volunteers, aged 20 to 26 years, served as subjects for the study. None of the subjects suffered from any chronic disease, nasal congestion, or upper respiratory-tract infection, and none were taking medication. The number of volunteers was 42 for sensory tests, 24 for skin temperature measurements and 17 for IBVA-EEG measurements, each being engaged in a single experimental run throughout the study.
Inhalation experiments were carried out before and after mental work with an inhalator, in which a 1/100 diluted solution of each experiment with basil and peppermint was loaded into an inhalator (300 ml in vol.) by applying 20 µl of the solution on a small strip of filter paper, as this concentration was deemed to be "comfortable" by several judges according to the specifications of Sugawara et al. 5 We used the Uchida-Kraepelin test for mental work involving the addition of adjacent numbers in a row (100 numbers per row). Each row was worked on for 40 s before changing to the next row, for a total of 5 min.
Sensory test and statistics
As aroma perception was evaluated by 13 impression descriptors consisting of contrasting pairs of adjectives and scored on an 11-point scale (-5 to +5), the difference in the score of impression descriptors, each recorded before and after work, was obtained and the statistical significance of the difference for each descriptor was evaluated by the Student's ttest. All data were statistically calculated using a Power Macintosh 8100/100AV personal computer. The statistical significance of each impression descriptor was then scored as follows: (1) significance score = 1, if the impression difference is regarded to be significant with p < 0.05, (2) significance score = 0.5, if regarded to be significant with 0.05 p < 0.1, and (3) significance score = 0, if regarded to be insignificant with p 0.1, where p is the level of significance.
The addition of these scores provided the following score for the total significance: total significance score = Σ 13 i=1 (significance score of descriptor) i. The value of this total significance score was then statistically evaluated by a sign test with n = 13, since 13 pairs of impression descriptors were used in our sensory test.
Skin temperature measurement
The skin temperature was measured based on our previous method 7 in a room with the ambient temperature controlled to 20 -25˚C. The procedure was explained to the subjects, and the ambient noise was kept at a low level (30 -40 dB A). The subjects were encouraged to relax, and were allowed to rest quietly for 5 min before the test.
Thin surface thermistors (2 × 10 mm) were used as the recording sensors. They were attached to the tip of every finger and to the palm at the base of the first finger of the left hand, each being affixed with adhesive tape. The temperature was recorded using a skin thermometer (Anritsu AM-7052) equipped with a multi-channel data collector, by which the temperature was measured every 15 s. A skin-temperature curve was then calculated as the arithmetic sum of the data from all channels for each run by a personal computer (Dell-OptiPlex Gn+EM) connected on-line to the multi-channel data collector.
Because various parts of the body are at different temperatures, and these undergo regular circadian fluctuation, it should be noted that a pilot investigation was run with a multichannel thermometer whose thermistors were affixed on different tissues of the subjects who inhaled the fragrance of essential oils, that is the left cheek, the left earlobe, the forehead, the tip of the left first finger, the left palm (at the base of the first finger), and on the back of the left hand (at the base of the left first finger). With reference to the non-smell blank as a control, the skin temperature curve obtained from the tip of the left first finger and the left palm showed a small, but considerable, increase after the period of odor inhalation, while practically no change was observed at the other measured points. 7 The protocol of the skin temperature measurement followed a 140 ANALYTICAL SCIENCES JANUARY 2003, VOL. 19 method used in our previous sensory test and physiological measurement study 5, [7] [8] [9] [10] : (1) non-smell blank as a control (3 min including the presence of a non-smell blank for 30 s), (2) inhalation of essential oil before work (5 min, including the presence of the fragrance for 1 min), (3) 5 min of mental work, (4) inhalation of essential oil after work (5 min including the presence of the fragrance for 1 min), and (5) non-smell blank as a control after work (3 min including the presence of the nonsmell blank for 30 s).
IBVA-EEG measurement
As for the EEG-measurement, a portable forehead surface electroencephalograph (IBVA-EEG of Psychic Lab. System, Psychic Lab. Inc., New York, USA) was used, which is composed of three-point wave sensors on a headband equipped with a telegraph system and a Macintosh personal computer for recording and analyzing the IBVA-EEG data with receiving equipment. The size of the head set, which consists of a highimpedance (10 MΩ), low-noise amplifier, an A/D converter and a 300 MHz radio transmitter was 5 cm × 9 cm × 2 cm, and its weight was approximately 130 g; 10 mm cup-type stainless electrodes were used, in which two were affixed at the locations of Fp1 and Fp2, while the other was at the portion of midline, anticipating to monitor and compensate for any eye movement of the subjects. An averaged reference electrode system was adopted. The electrode impedance was below 10 kΩ.
Via a radio receiver, data processing for IBVA-EEG was carried out using a Macintosh personal computer with installed noise-cut and fast Fourier transformation (FFT) analysis software. Using the noise-cutoff of AC noise and eye movement, the intensities (/min) of 8 -13 Hz for alpha rhythm and those of 14 -30 Hz for beta rhythm were depicted after an FFT analysis. All other conditions were identical with those for the skin temperature measurement.
Results and Discussion
Sensory profiling of inhalation experiments of basil and peppermint
For the case when mental work was undertaken as an extraneous condition administered to the subjects, the obtained sensory evaluation spectra for the inhalation experiments of basil and peppermint are shown in Figs. 1a and b, respectively.
The sensory evaluation spectrum is represented by a bar graph, in which the change in the perception of the fragrance is statistically assessed in terms of the mean of the difference in the impression score recorded before and after work on an 11-point scale (-5 to +5) for 13 impression descriptors, and is plotted against the descriptors, as described in our previous report. 5, 8, 10 In these graphs, therefore, the statistical significance assessed by the t-test is indicated for each descriptor as follows: with **, if the impression difference is regarded to be significant with p < 0.05; with *, if regarded to be significant with 0.05 p < 0.1; or unmarked, if p 0.1, where p is the level of significance. It should be noted that if there is any favorable correlation between the fragrance of a given aroma and the type of work assigned to the subject, the descriptors regarded as being significant by the t-test for a given aroma had a positive value, and are shown above the horizontal axis; a negative value will appear below the axis if there is any unfavorable correlation between fragrance and type of work.
It is thus apparent from Fig. 1 that the inhalation of basil and peppermint produced a completely opposite effect on their perception when compared between before and after work. In addition, the total significance score, which is the sum total of the concerned scores of the 13 descriptors, was calculated to be 5.0 for basil and 6.0 for peppermint, respectively, as can be easily calculated by adding the respective scores of the marks shown as Figs. 1a and b, because implying score = 1 for items with **, 0.5 for * and 0 for unmarked with p < 0.05.
It should be noted, however, that the perceptional difference mentioned above is not statistically significant in the strict sense, even though both cases of basil and peppermint with a total significance score of 3. By an argument based on a sign test with n = 13, since 13 pairs of impression descriptors were used in our sensory test, as described elsewhere, 5,8 the value could be required to be > 10. However, there was no sample with a total significance score > 10 among the 48 cases so far examined in our study, in that 16 essential oils were tested in relation to 3 types of work. On the other hand, there were 30 samples with the value < 3 so that null hypothesis could be rejected. Accordingly, the other 18 cases including basil and peppermint remained, because each total significance score was 3, in which the null hypothesis could not be rejected. Taking into account the extraordinary scatter of scores obtained before and after work for the 13 descriptors, we reached the conclusion that there should be no sample with a total significance score > 10. 5, 8 For subjects administered basil or peppermint before and after mental work using an inhalator, therefore, a series of multichannel skin thermometer studies and portable forehead surface electroencephalographic (IBVA-EEG) measurements were conducted to assess the possible physiological influence induced by smelling a fragrant compound of essential oils.
Multi-channel skin thermometer measurement
According to the protocol described in the Experimental section, Fig. 2 depicts typical results of skin temperature measurements of subjects who had inhaled basil or peppermint before and after mental work. In recording these experiments, a wide fluctuation was apparent from individual to individual, and to a lesser degree from sensor to sensor as described elsewhere 7 and as shown in Figs. 2a and c . After a careful study of the cause of such a large fluctuation, all of the measured data were ultimately stored on a personal computer, in each run, at a sampling rate of 15 s via an A/D converter connected to a multichannel thermometer to make an arithmetic summation of the data from every channel every 15 s so that a single-temperature curve could be obtained for all the measurement points, as shown in Figs. 2b and d .
In order to assess the changes in the skin temperature due to the inhalation of a given aroma, it seemed to be insufficient even when the intensity profile depicted on a single-temperature curve was obtained, because each measurement showed a large individual variation. To reduce such a variation and to compensate for the influence of inhaling a fragrance before and after work with the respective non-smell blank as a reference, the following values of the "net intensity change" in the skin temperature due to the inhalation of a fragrance were introduced based on the calculated mean temperature at minute-intervals from the single-temperature curve during every period of each inhalation experiment run:
where T MMA odor is the observed intensity of the minute-based mean average temperature during an odor presentation, and T MMA o is the respective intensity of a non-smell blank. The use of Eq. (1) and the data shown in Figs. 2c and d produced the results depicted in Fig. 3 as a scatter graph, comparing before work with after work in comparison with 13 subjects for basil (Fig. 3a) and 11 subjects for peppermint (Fig. 3b) . The summarized mean values ± the standard deviation in Figs. 3a and b of (T MMA odor -T MMA o)/T MMA o for basil and peppermint are as follows: 0.0000 ± 0.0119 for basil before work and 0.0120 ± 0.0163 after work, and 0.0159 ± 0.0206 for peppermint before work and -0.0072 ± 0.0116 for after work, these being represented as a bar chart as shown in Figs. 3c and d .
To determine the significance of these changes in the skin temperature due to the inhalation of fragrance before and after work, the Student's t-test was used on the basis of Welch's method, p < 0.05 being considered statistically significant. A significant difference before and after work was apparent for peppermint, even at p < 0.01: |t| = 2.977 t(19, 0.01) = 2.861, while no significant difference was observed for basil at p < 0.05. At this point, if the level of significance was increased to p < 0.1, the null hypothesis could not be rejected for basil before and after work, because t(22, 0.05) = 2.074 > |t| = 2.060 t(22, 0.1) = 1.717. Consequently, for subjects assigned to mental work, we concluded that the inhalation of basil after work evoked a small, but significant, increase in the skin temperature, which was greater than that before work, while this was the opposite in the case of peppermint.
It should be noted that the possible mechanism by which the skin temperature changes with the inhalation of odor remains unresolved, although the process by which the skin temperature Thermistors were affixed to the tip of every left finger and to the left palm of a subject who inhaled the fragrance of basil or peppermint according to the protocol given at the bottom of the graph. In each run, temperature data were stored every 15 s via a data collector connected to the thermometer, and an additional skin-temperature curve was calculated by a personal computer connected on-line to the data collector. The numbers assigned to the graphs represent the sensor spots on the left hand: 1, for the tip of the thumb; 2, for the tip of the first finger; 3, for the tip of the second finger; 4, for the tip of the third finger; 5, for the tip of the fourth finger; 6, for the palm.
undergoes a change due to emotional stress has been demonstrated by several authors. It has been suggested that emotional stress usually leads to cutaneous vasoconstriction based on the findings that the blood vessels of normal subjects are supplied only with vasoconstrictor fibers.
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The participation of vasodilation mediated by sympathetic nerves has also been reported, [17] [18] [19] although there are no known vasodilator nerve fibers connected to the cutaneous vessels in humans. 20 In this respect, Elam and Wallin 21 have observed interesting results that mental stress caused vasoconstriction in warm subjects and vasodilation in cold subjects. Their findings suggested that a thermoregulatory mechanism may exert a powerful modulatory effect on different cutaneous vasomotor reactions. 21, 22 In addition, there are short channels in the fingers, palms and ear lobes of humans that connect arterioles to venules, bypassing the capillaries; these arteriovenous anastomoses or shunts have thick muscular walls and are abundantly innervated, presumably by vasoconstrictor nerve fibers. The skin temperature also depends on the state of the capillaries and venules. Cold skin is therefore one in which the arterioles are constricted and the capillaries are dilated, while a warm skin is one in which both are dilated. Sweat production is another important factor, because it affects the skin temperature, not only due to the vaporization of water, but also to emotional passage via the sudomotor nerve fibers. [23] [24] [25] [26] In spite of the complexity of the factors which influence cutaneous vascular response in respect of skin temperature changes, it seems that the skin-temperature change detected in the present study provides a good representation of the arousal response associated with odor perception for a given aroma, because it is well known that emotional stress usually leads to a slight increase in skin temperature during emotional excitement or apprehension. 21 Figure 4 shows a typical example of IBVA-EEG brain data after a fast Fourier transformation, in which the intensities of alpha and beta waves are depicted along the line of the protocol described in the bottom of the graph, when basil or peppermint was presented by inhalation before and after mental work with a non-smell blank as a control. As in the case of basil (Fig. 4a) , inhalation after work seemed to be accompanied by a tendency of much more increased beta waves with a non-smell blank as a reference when compared with that before work. On the contrary, this tendency was quite opposite to the case of peppermint (Fig. 4b) , in which the intensity of beta waves with the inhalation of peppermint resulted in a decrease after work when compared with that before work with a non-smell blank as a control.
IBVA-EEG measurement
In this regard, however, each IBVA-EEG measurement showed a large individual variation. The situation was identical to that of the skin temperature measurement study. Accordingly, a view of "net intensity change" due to inhalation was also employed in the IBVA-EEG measurement as follows, which can be expressed in terms of the intensity of the observed 
where I α odor and I β odor are the intensity (/min) of the observed alpha and beta waves during odor presentation and I α o and I β o are the respective intensity of the non-smell blank. An analysis using Eqs. (2) and (3) produced the results depicted in the scatter graph shown in Fig. 5 , comparing before work with after work regarding the alpha rhythm (Figs. 5a and c) and the beta rhythm (Figs. 5b and d) , respectively, in comparison with 9 subjects for basil (Figs. 5a and b) and 8 subjects for peppermint (Figs. 5c and d) . The summarized mean values ± the standard deviation of (I α odor -I α o)/I α o for alpha waves and (I β odor -I β o)/I β o for beta waves are as follows: for the alpha rhythm, -0.0624 ± 0.0579 for basil before work and -0.0164 ± 0.1136 after work, and 0.0009 ± 0.0705 for peppermint before work and -0.0123 ± 0.1012 for after work; and for the beta rhythm, -0.0101 ± 0.0978 for basil before work and 0.1070 ± 0.1849 after work, and 0.0108 ± 0.0922 for peppermint before work and -0.1584 ± 0.0986 for after work. These results are represented in Figs. 5e and f, as for basil (Fig.  5e ) and as for peppermint (Fig. 5f ), respectively, in comparing before work with after work regarding the magnitude of the alpha rhythm and the beta rhythm.
Among the samples shown in Figs. 5e and f, no significant difference in the change of alpha waves between before and after work was apparent for either basil or peppermint at p < 0.05 being considered statistically significant on the basis of Welch's method, as |t| = 1.020 < t(12, 0.05) = 2.179 for basil and |t| = 0.283 < t(13, 0.05) = 2.160 for peppermint, respectively. As in the change of beta waves, on the other hand, a highly significant difference was observed in the case of peppermint, even at p < 0.01; |t| = 3.316 t(13, 0.01) = 3.012, although no significant difference was observed in that of basil as |t| = 1.584 < t(12, 0.05) = 2.179.
In these situations, when the variability in our study was taken into account, Fig. 5e prompted speculation that the inhalation of basil after mental work would evoke an increase in the intensity of beta waves when compared with that before work. If so, in the present paper, it is not too much to say that the magnitude of beta waves can serve as a measure of the arousal element of the neural state of the brain responsible for influence by smelling a fragrant compound of essential oils, but not alpha waves. As for the influence of peppermint, we can not rule out the possibility that peppermint is responsible for irritating substances similar to menthol, chlorine, and so on, because an irritative, trigeminally mediated component is part of the characteristic odor of peppermint via stimulating naked endings of trigeminal pain fibers found in the olfactory mucous membrane.
Participation of smelling a fragrant compound in alteration of perception, mood state and odor reactions in humans
This study was undertaken to examine how useful our odor classification can be to study olfaction and to assess what kind of influence can be induced by smelling a fragrant compound of essential oils for their mood change and their physiological effect on humans.
Through these studies, as typically shown in Figs. 2a and c, considerable individual differences were noted not only in a physical manifestation study using a multi-channel skin thermometer and an IBVA-EEG, but also in a sensory evaluation study 5, 8 where a large standard deviation value against a smaller value of the mean was notable for both scores of aroma impression before and after work. The difference in all these measurements might be a reflection of the internal and extraneous conditions of each subject, for instance, these being fluctuated by way of a particular linking of the olfactory memory for a given aroma, biorhythm, or various sorts of 144 ANALYTICAL SCIENCES JANUARY 2003, VOL. 19
Fig . 5 Comparison of the net intensity change in the intensities of the IBVA-EEG brain waves due to the inhalation of odors when basil or peppermint was each presented before and after mental work. Scatter graphs of (a) basil and (b) peppermint for alpha rhythm, those of (c) basil and (d) peppermint for beta rhythm and bar chart for (e) basil and (f) peppermint. The net intensity change in the IBVA-EEG brain waves due to the inhalation of an odor is expressed in terms of the intensity of the observed alpha and beta waves during odor presentation, corrected by the respective intensity of the non-smell blank (see text), this being plotted before and after work. The number of subjects was 9 for basil and 8 for peppermint. The filled bars, alpha waves; the diagonal shaded bars, beta waves.
surroundings around the subject. These may have been inevitable in our study. The measurements were then processed by a computer-aided analysis to reduce the variability and to maintain consistency of the data. Our results showed that when compared between before and after mental work assigned to subjects: (1) the inhalation of basil, in which a favorable impression was predominant as a whole in terms of the sensory evaluation spectrum, was shown to be associated with an increase in the magnitude of beta waves and an elevation in finger-tip skin temperature, implying an increasing propensity of the aroused or alert state and of the arousal or alerting response; (2) whereas these situations were completely opposite in the case of peppermint, in which the reversed (unfavorable) feature in sensory profiling was accompanied by a decrease in the magnitude of beta waves and a decrease in the finger-tip skin temperature, implying a decreasing propensity of the aroused state and of the arousal response.
These findings not only clearly demonstrated a close association between perception of and response to fragrance under the tasks assigned to the subjects, but also suggested some aspects of the salience of odors as neurophysiological stimuli, which cause a different perception, and in turn lead to a diverse odor reaction, depending on internal and extraneous conditions of the subjects, as pointed out by Lorig and Schwarz. 6 In a similar manner, Schwartz et al. 27 reported that the smelling of lavender was accompanied by an increase in alertness and an increase in the respiration parameters, such as inspiration amplitude. Lorig and Schwarz 6 also showed that lavender odorants tended to be observed with increasing theta activity in EEG, which is associated with emotion-and anxietyprovoking stimuli, together with an increase in the scale of the self-report differences of anxiety and tension.
As for enantiomers of linalool, which are the main constituents of lavender flower, our sensory profiling and IBVA-EEG measurement study revealed that enantiomers, that is (R)-(-)-, (S)-(+)-and (RS)-(±)-forms, which were isolated from lavender oil, coriander oil and commercial linalool, respectively, by means of repeated flash column chromatography, could be regarded to be significantly different odors, and consequently evoked different odor reactions with a dependence not only on the species of the enantiomer, but also on tasks assigned to the subjects. 9, 10 In relation to these results, it is of great interest and of primary concern that further elucidation should be made of such diverse odor reactions together with an explication of diverse odor discrimination, because these are little understood. Confined within our categorized table, 5 however, basil is of great interest in terms of the total significance score and the sensory evaluation spectrum as noted earlier so that it can be replaced with juniper, when taking into consideration mental work as an extraneous condition of the subjects.
Under these circumstances, peppermint can also be substituted for lime, linalool, geranium, or orange. Furthermore, one can assess the influence of the extraneous conditions of the subjects inhaling the same fragrance of essential oils, if a physical manifestation study on linalool and peppermint can be carried out between mental work and hearing environmental sound, because the sensory evaluation spectra of these are mutually reversed as a function of the type of work.
These imply that this table can provide a number of paired odorants which can act as a reference to each other in a similar manner of basil and peppermint in this study when examining the relationship between mood change of odor and its physiological effects.
The elucidation of sensory and physiological endpoints of such paired odorants would be of primary importance for human chemoreception science, because these are only rarely recorded during the same experiments, and this paradigm is highly informative about non-verbal responses to odorants. In a following study of this series, we shall therefore propose other instances of influence between odor perception and responses along with the line of this view based on our categorized table.
